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Summary

The fimt GOCM climate change projections to include
dynamic wepetation amd an interactive carbom cycle
produced a very significant amplification of global warming
over the 215t century. Under the 15923 ““business as usoal®™
emissions scenano O0: concentrattons reached about
G0 ppmy by 210M), which is abowt 2E0ppmv higher than
when these feedbacks wers ignomed. The major contnbution
to the moreased OO, arose from reductions in soil carbon
because global warming is assumed to accelemte mespira-
ton. Howewver, there was also a lesser contribution from an
alarming loss of the Amazoman rainforest. This paper
deseribes the phenomenon of Amazonian forest diehack
under elevated OOy in the Hadley Centre chimate-carbon
cycle model .

1. Introduction

About half of the current anthropogenic emis-
sions of carbon dioxide are being absorbed by
the ocean .md b} land Lt(]t,}t;n_mt, ["'ithimn_l
et al.,
to be sensitive [(Ji.llmd.[L. TLranmtun. affects the
solubility of carbon dioxide in sea-water and the

rate of terrestrial and oceanic biological pro-
cesses. Vegetation also responds directly to ele-

vated COy through increased photosynthesis and
reduced transpiration (Sellers et al., 1996; Feld

=3
P. P. Harris",

Berks, UK

0
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climate-carbon
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bon cycle model prmdurcd a Cb; concentration
of about 980 ppmy by 21, compared to about

Zelazowski, P., Malhi, Y., Huntingford, C., Sitch, S., Fisher, J.B., 2011. Changes in the potential distribution of humid tropical forests
on a warmer planet. Philosophical Transactions of the Royal Society A — Mathematical, Physical & Engineering Sciences.
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Abstract

For about three decades, there have been many predictions of the potential ecological response in boreal
warmer conditions. In essence, a widespread, naturally occurring experiment has been conducted over time. In
previously modeled predictions of ecological change in boreal Alaska, Canada and Russia, and then we investi
of current climate-induced change. For instance, ecological models have suggested that warming will induce tH
migration of the treeline and an alteration in the current mosaic structure of boreal forests. We present evides
keystone ecosystems in the upland and lowland treeline of mountainous regions across southern Siberia. Ecold
predicted a moisture-stress-related dieback in white spruce trees in Alaska, and current investigations sho
increase, white spruce tree growth is declining. Additionally, it was suggested that increases in infestation ai
would be catalysts that precipitate the alteration of the current mosaic forest composition. In Siberia, 7 of the I
extreme fire seasons, and extreme fire years have also been more frequent in both Alaska and Canada. I
experienced extreme and geographically expansive multi-year outbreaks of the spruce beetle, which had bee
the cold, moist environment. We suggest that there is substantial evidence throughout the circumboreal regi
biosphere within the boreal terrestrial environment has already responded to the transient effects of climatd

increases and duced change are g faster than had been predicted in som
potential non-linear rapid response to changes in climate, as opposed to the predicted slow linear response
© 2006 Elsevier B.V. All rights reserved.

Keywords: climate change evidence; fire; infestation disturbance; treeline progression; boreal; montane
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Abstract. CO total column data are presented from three
space sounders and two ground-based spectrometers in
Moscow and its suburbs during the forest and peat fires
that occurred in Central Russia in July-August 2010. Also
presented are d-based in situ CO The
Moscow area was strongly impacted by the CO plume from
these fires. Concurrent satellite- and ground-based observa-
tions were used to quantify the errors of CO top-down emis-
sion estimates. On certain days, CO total columns retrieved
from the data of the space-based sounders were 2-3 times
less than those obtained from the ground-based sun-tracking
spectrometers. The depth of the polluted layer over Moscow
was estimated using total column measurements compared
with CO volume mixing ratios in the surface layer and on the
TV tower and found to be around 360 m. The missing CO
that is the average difference between the CO total column
accurately determined by the ground spectrometers and that
retrieved by AIRS, MOPITT, and IASI was determined for
the Moscow area between 1.6 and 3.3 x 10'® moleccm =2

molecem ™2,
These values were extrapolated onto the entire plume; sub-
sequently, the CO burden (total mass) over Russia during the
fire event was corrected. A top-down estimate of the total
emitted CO, obtained by a simple mass balance model in-
creased by 40-100 % for different sensors due to this cor-
rection. Final assessments of total CO emitted by Russian
wildfires obtained from different sounders are between 34
and 40 Tg CO during July—August 2010.

Correspondence to: L. N. Yurganov
(yurganov@umbe.edu)

Published by Copernicus Publications on behalf of the European Geosciences Union.
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1 Introduction

Carbon monoxide (CO) is recogn
biomass burning and anthropogeni
1981; Edwards et al., 2004, 2006:
CO total source is estimated by H
2491 Tgyr~! for the 1990’s and

in the range between 2236 and 24|
biomass burning emissions. Dunca
per year downward trend from 198
this trend by a decrease in Europ
tions from wildfires were counted
by van der Werf et al. (2010), and v:
globally and regionally. From 2000}
sions varied between 253 (2001)
i.e. between 11 % and 16”/2 of to
in these bottom-up are

Vol 452 (24 April 2008 |doi: 1010 38/ nature) 8777
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Mountain pine beetle and forest carbon feedback to

dimate change

W.A Kuz', C. C. Dynond®, G. Slinson®, G, J Rampley ™, E T. Neilson™, A. L Camull?, T. Boala® & L Safranyik
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Uncertainty in our knowledge of rbon response Is

directly dependent on W respense uncertainty
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Plants regulate ‘W
leaves, but at the €

and risking carbon starvation: Transpiratien‘@lso performs the
same cooling function as sweat; if plants cannot adequately cool
themselves, they risk overheating and mortality due to heat

stress.



Water Stress Drives Plant Behavior
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THow plants respond to changes in water availability can be expressed in
terms of Water Use Efficiency (WUE), defined as the amount of
carbon fixed per unit water ‘used (gross ‘primary production, GPP,
“divided by ‘ET). Some plants have high WUE and can fix a large amount

of carbon using a small amount of water; other plants are less efficient.
'Low WUE plants risk replacement with increasing droughts.
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ECOSTRESS KEY SCIENCE QUESTIONS

1.HOW IS THE TERRESTRIAL BIOSPHERE RESPONDING TO
CHANGES IN WATER AVAILABILITY?

1. HOW DO CHANGES IN DIURNAL VEGETATION WATER STRESS
IMPACT THE GLOBAL CARBON CYCLE?

1. CAN AGRICULTURAL VULNERABILITY BE REDUCED THROUGH
ADVANCED MONITORING OF AGRICULTURAL CONSUMPTIVE
USE AND IMPROVED DROUGHT DETECTION?



ECOSTRESS SCIENCE OBJECTIVES

1.IDENTIFY CRITICAL THRESHOLDS OF WATER USE AND
WATER STRESS IN KEY CLIMATE SENSITIVE BIOMES (E.G.,
TROPICAL/DRY TRANSITION FORESTS, BOREAL FORESTS);

1. DETECT THE TIMING, LOCATION, AND PREDICTIVE FACTORS
LEADING TO PLANT WATER UPTAKE DECLINE AND/OR
CESSATION OVER THE DIURNAL CYCLE,

1. MEASURE AGRICULTURAL WATER CONSUMPTIVE USE
GLOBALLY AT SPATIOTEMPORAL SCALES APPLICABLE TO
IMPROVING DROUGHT ESTIMATION ACCURACY.



APPROACH
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Water Stress Drives Plant Behavior
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—@-ECOSTRESS| Santa Rita FLUXNET site
T40 | e FLUXNET
B Landsats 14-day avg (1-14 Sep 2007)
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Gray shading represents mean diurnal variation in ET over 14-days. The
afternoon decline in ET Is related to water stress (clear day).

I Xylem refilling after initial water release.

Il ET at maximum/potential rate in the morning.

Il Stomata shut down water flux in the afternoon.

IV ET resumes at maximum/potential in early evening when demand is reduced.



ET Spaceborne Measurements Requirements

Parameters | Minimal | Optimum | Landsat8 | MODIS HyspIRI" | ECOSTRES
S

Return Cycle <8 16 1 5 3-5
(days)

Number of 1 2 3 8 5
TIR bands

Spatial 100 1000 60 38x57

resolution (m)

Coverage US World US World World World

always on always on always on always on always on always on*
UU C. C LLE U ~ C a c U yvaitel ResSUU C '[~I<]0 UdlcuU INUVE JC , B allls

U. Idaho, referencing Allen 2010, Allen et al 2011.
* Proposed mission >2023.




Revisit Time versus Spatial Resolution

With sphere size indicating # of thermal infrared window bands

16-|Local Scale ~ ASTER mLandsat Regional Scale
Seasonal Processes Seasonal Processes

Local Scale Regional Scale
Weekly Processes Weekly Processes
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PT-JPL GLOBAL ET

Fisher, J.B., Tu, K.P., Baldocchi, D.D., 2008.

Remot1e Sensing of Environmen t. MONTH LY, O 5 DEG REE



Geosci. Model Dev. Discuss., 8, 6809-6866, 2015
www.geosci-model-dev-discuss.net/8/8803/2015/
doi:10.5194/gmdd-8-6809-2015

© Author(s) 2015. CC Attribution 3.0 License.

stations as independent metrics of performance, the tower-based analysis indicated
This discussion paper isihas been under review for | that PT-JPL provided the highest overally statistical performance (0.72; 61 Wm'z;
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GOECOSTRESS

ECOsystem Spaceborne Thermal
Radiometer Experiment
on Space Station

An Earth Venture Instrument-2 Proposal
Submitted in response to

AO NNH12ZDA0060 EVI2

Prepared for
w National Aeronautics and
" . Space Administration

£ Mission Directorate
&< 2

e NGl T . B A
ECOSTRESS will provide critical insight into plant—water dynamics
and how ecosystems change with climate via high spatiotemporal
resolution thermal infrared radiometer measurements of
evapotranspiration from the International Space Station (ISS).
AT e /1N
ECOSTRESS Science Data Products

L2 | Surface Temperature
Surface Emissivity

L3 | Evapotranspiration

L4 | Water Use Efficiency
Evaporative Stress Index

November 25, 2013



Tropical/dry
transition forests

0 0.005
Uncertainty in WUE (GPP/ET; 1901-2009)

Nine land surface models were run with only a perturbed climate (i.e., CO,,
land use constant) over the 20t century, representing the y-response, or
climate sensitivity to identify key WUE uncertainty hotspots.
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ECOSERESS CORE-SCIENCE HYPOTHESES

Hl: THE WUE OF A CLIMATE SENSITIVE HOTSPOT IS
SIGNIFICANTLY LOWER THAN NON-HOTSPOTS OF THE SAME BIOME
TYPE;

H,: DAILY ET IS OVERESTIMATED WHEN EXTRAPOLATING FROM
MORNING-ONLY OBSERVATIONS;

H3Z REMOTELY SENSED ET MEASURED AT THE FIELD SCALE WILL
IMPROVE DROUGHT PREDICTION OVER MANAGED ECOSYSTEMS.



Our first objective on climate sensitivity and biome response, focused on water limitation and
drought Is specifically called out in:
Decadal Survey: recommended observations, key questions and science themes [US NRC,
2007; Chapter 2: p27; Chapter 7: p196];
« WCRP: grand science challenges [WCRP, 2012];
« NASA Earth Science: big questions [NASA Earth Science, 2013].

Our second objective on plant-water dynamics and the_functioning of terrestrial ecosystems over

the diurnal cycle is encompassed within:

» Decadal Survey: role of satellites in understanding ecosystems [US NRC, 2007; Chapter 7:
p192; Chapter 9: p257];

« NASA Terrestrial Hydrology, Ecology, and Carbon Cycle Programs: primary scientific
objective and goals [e.g., A.20-1 ROSES2013].

Our third objective with relevance to agricultural applications and water management is specifically

called for in:

* NRC: “Global Change and Extreme Hydrology” [US NRC, 2011], “Assessment of Intraseasonal
and Interannual Climate Prediction and Predictability” [US NRC, 2010], and “Landsat and
Beyond: Sustaining and Enhancing the Nation’s Land Imaging Program” [US NRC, 2013] ;

« Decadal Survey: key questions and science themes [US NRC, 2007; Chapter 7: p196]; and

* USGCRRP: strategic goals [USGCRP, 2012].

« White House: National Drought Resilience Partnership [Council on Environmental Quality,
2013].

ECOSTRESS also addresses many of the science goals of the NRC Decadal Survey HysplIRI
mission and Landsat mission [US NRC, 2013], providing lower cost, higher spatial, spectral and
temporal resolution thermal infrared measurements.



EVOLVING ECOSTRESS, AND BEYOND...
°* 2017
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